The concentration of isoprene inside a small-size parked private car with one person was found to be of the order of 20 pg/m 3 . Isoprene was then the maj or non-methane volatile hydrocarbon except in strongly traffic-polluted parking places. On driving, with intermediate fan ventilation, the isoprene levels were one order of magnitude lower. In the empty car, the concentrations were still much lower, proving that isoprene originates predominantly from expired air.
Introduction
Human exposure to air pollutants inside vehicles is often important because of high concentrations relative to most urban environments Peters son, 1993 and .
Determination of specific compounds and specific sources is therefore of great interest.
Isoprene was early identified as a major organic compound in human expired air (Jansson and Larsson, 1969) . This may result in significant concentrations in indoor environments such as classrooms (Cailleux et aI., 1993) , whereas outdoor concentrations are negligible due to rapid dilution. Isoprene is also a major volatile hydrocarbon in tobacco smoke causing high concentrations in smoky indoor environments (Barrefors and Peters son, 1993) .
Recently, isoprene has caused concern because of its structural and metabolic similarity with the carcinogenic 1,3-butadiene (Gervasi and Longo, 1990) . Reactions of isoprene with ozone and with the hydroxyl radical may also be important in enclosed human environments (Weschler and Shields, 1996) .
In a previous study, significant concentrations of isoprene were observed inside local and commuter buses with many passengers (Barrefors and Petersson, 1996) . The purpose of this study was to investigate the occurrence of isoprene in relation to other hydrocarbons inside a private car.
Methods

Sampling
A small-size private car (Nissan Micra, model 1988, three-way catalyst) was used for taking in-vehicle samples. All samples were taken during a windy period in April 1997. The air temperature inside the car during sampling was in the range 15 -20 cC. The person inside the car was one of the male non-smoking authors, sitting in the driver's seat.
Samples representing parking with many surrounding cars were taken on a large parking lot with more than one hundred parked cars. The car was parked at least one hour before sampling with the windows left partially open. The exhaling person sat for 10 min inside the car with closed windows before starting the sampling which proceeded for a further 10 min period. Samples representing isolated parking without adjacent cars were taken similarly in a suburban well ventilated area. In this case, the car was parked during the night before sampling.
Sampling during suburban dliving was made in an area with little traffic, few stops and no queues. Corresponding urban sampling was performed during driving in streets with moderate traffic, including a few stops near behind other cars at traffic lights. During sampling Triple-layer glass cartridges of the same design as in previous studies (Barrefors and Petersson, 1993) were used. The adsorbents were Tenax TA, Carbotrap and Carbosieve S-III in order of increasing adsorption strength. The cartridges were placed near the steering wheel and were connected to small air pumps. The sampled air volumes were of the order 400 ml and were accurately determined from the pump flows.
Breath samples were taken by expiring air through a drying cartridge (10 cm glass tube with 0.5 -19 ofMgCI0 4 ) connected to the sampling cartridge. The volume (15 -20 ml) of expired air was detennined by connecting a glass syringe (20 or 30 ml) with freely moving piston to the outlet of the adsorption cartridge. The samples were taken after completed nonnal expiration during continued forced expiration. Pulling a few ml of ambient air through the adsorbent cartridge after sampling ascertained complete passing of the expired air.
Gas chromatography
Thermal desorption and gas chromatography were perfonned basically as in previous studies of volatile hydrocarbons in urban air (Barrefors and Peters son, 1993) . Desorption (He, 10 ml/min, 200°C, 10 min) was made into a cold trap (empty fused silica column coil,S m x 0.32 mm i.d., in liquid N 2 ). A drying cartridge with MgCl0 4 (0.5 -1 g) was placed between the desorption oven and the cold trap. Switching the trap into the carrier gas line followed by rapid heating (120°C in an oil bath) moved the trapped compounds into the analytical column.
The separations were performed by gas-solid chromatography on an aluminium oxide column (50 m x 0.32 mm i.d., fused silica porous-layer open tubular, A1 2 0 3 with 5% KCl, Chrompack). The carrier gas was helium (20 -30 cm/s). The temperature of the column oven was rapidly increased from ambient to 100°C and then linearly by 4°C/min to 200°C as the maximum temperature recommended for the column. The sensitivity of the flame ionisation detector was improved by the use of make-up gas (N2, 20 mllmin). The response was set equal for all hydrocarbons, pennitting data for reliable alkane references to be used.
Results and discussion
The results in Table 1 and the chromatograms in Figure 1 represent the most essential outcome of the study. the empty car and in external street air confirmed that expired air was the predominant source of isoprene in the car both when parked and on driving.
The isoprene concentration of expired alveolar air from the same person was of the order of 500 Ilg/m3 as assessed for several samples. Concentrations in alveolar air of humans, as reported in the literature, are in the range 500-1500 llg/m3 during daytime (DeMaster and Nagasawa, 1978; Cailleux and Allain, 1989) . Diurnal variations are large with 2-3 times higher concentrations during sleep. It is concluded that higher isoprene concentrations than those in Table 1 are to be expected in the car from persons with higher than average concentrations in expired air, and particularly from the added contributions of two, three or four persons in the same car. During driving, decreased ventilation rate, low speed and frequent stops are expected to increase the isoprene concentrations.
Vehicle-emitted hydrocarbons
The hydrocarbons reported in Table 1 were selected as interesting for comparisons with isoprene. The carcinogenic 1,3-butadiene and benzene stand out as particular health hazards. Methylbenzene (toluene) is the most prominent hydrocarbon in petrol.
Methylpentane, followed by pentane, is normally the most prominent hydrocarbon in petrol vapours. The origin of specific hydrocarbons in urban air and in buses was recently discussed in more detail (BaITefors and Petersson, 1996) .
Except for isoprene, the concentration ratios for the hydrocarbons in the six samples reported in Table 1 are similar to those observed for traffic-polluted urban air (Barrefors and Petersson, 1993) . All samples were taken during a windy period, and the concentrations are therefore lower than average. For samples 2 and 5, many closely surrounding parked cars explain the elevated proportions of pentanes from petrol vapour. Sample 1 corresponds to isolated parking and sample 3 to driving in a suburban area with low levels of vehicle-emitted air pollutants. The low concentrations in the car demonstrate that the contributions from the car itself may be kept low, at least after long parking time and on driving with warm engine and warm catalyst system. Sample 4 represents urban driving with fluctuating surrounding air pollution levels during sampling. Sample 6 was taken during walking around a street crossing with traffic lights and moderate traffic. Anticipated significant concentrations of the combustion-formed exhaust-emitted 1,3-butadiene (Barrefors and Petersson, 1993) were observed for these two samples. Interestingly, the street crossing sample demonstrates small traffic emissions of isoprene giving rise to concentrations about half of those of 1,3-butadiene.
The representativity of the samples in Table 1 and the conclusions made were supported by several repeated samples corresponding to the different circumstances discussed.
Analytical aspects
The chromatograms in Figure 1 volatile hydrocarbons has been demonstrated in previous studies Petersson, 1993 and .
For improved analytical quality, several precautions were observed. Drying cartridges containing MgCI0 4 were used to remove water both during sampling of expired air and after the desorption oven. This prevented ice plugs during trapping and improved chromatographic quality. No losses of the hydrocarbons studied were observed on the drying cartridges. Minor artefact formation of benzene from the adsorbent cartridges in the desorption oven was reduced by keeping the desorption temperature low. Losses of alkadienes like 1,3-butadiene and isoprene on the triple-layer adsorption cartridges have been observed after taking samples with unusually high concentrations of nitrogen oxides, but such samples were not taken in this investigation. Quantitative recovery even at the lowest concentrations was indicated by
proper concentration ratios between the hydrocarbons studied.
Human health impacts
The endogenic character of isoprene makes it natural to balance potential beneficial functions against potential harmful effects. Biochemically activated derivatives of isoprene are involved in the biosynthesis of a wide range of human isoprenoid compounds. The high concentration of free isoprene in expired air has been linked to regulatory effects on sleep (Cailleux and Allain, 1989) . The monoepoxides formed by metabolism of isoprene (methyl-1,3-butadiene) appear not to be mutagenic in contrast to that formed from 1,3-butadiene. The potentially formed diepoxide is mutagenic for both alkadienes, however (Gervasi and Longo, 1990 ). The highest recorded ambient concentrations of isoprene in this study are of the order of only 10% of those in alveolar air. Direct physiological effects of ambient isoprene are therefore expected to be small.
A potentially more important aspect on ambient isoprene is chemical interactions with air pollutants. Reactions with ozone produces hazardous species such as formaldehyd and radicals. Nitrogen oxides are often present in high concentrations in vehicles and may produce harmful reaction products with reactive hydrocarbons. On the other hand, isoprene may act as a scavenger of reactive species such as the hydroxyl radical (Weschler and Shields, 1996) .
From this point of view, isoprene in expired air may be regarded as a chemical barrier against harmful reactive compounds in ambient air.
